Background: With metabolic syndrome (MS) being a major risk factor for cardiovascular disease, and central obesity being a major predisposing factor for MS, intensive research is currently being performed on cutoff values according to race and sex. Menopause is an especially significant factor in designating cutoff values for female central obesity, as menopause brings sudden bodily changes that induce central obesity and increased prevalence of MS. Therefore this study aimed to investigate the cutoff values for the obesity index and its validity in predicting the criteria for MS in Korean women according to menstrual status. , 76.1 cm vs. 82.5 cm, and 0.49 vs. 0.53, respectively. The WC cut off (76 cm) for pre-menopausal women was found to be more sensitive and more effective at screening for MS risks than the cutoff value given by the Korea Society for the Study of Obesity.
INTRODUCTION
Metabolic syndrome (MS) is a broadly defined concept that seeks to describe the interactions and mutual synergism of risk factors such as central obesity, impaired glucose tolerance, hypertension, and hyperlipidemia, which are known to be causes of cardiovascular disease, and are the basis for the design of currently used preventive measures against cardiovascular disease.
1)
As obesity and especially central obesity have increasingly been implicated in the pathogenesis of symptoms-drops in high density lipoprotein (HDL) levels, increasing triglyceride levels, insulin resistance, and hyperglycemia the characteristic harbingers of MS, 2, 3) the significance of central obesity as a predisposing factor for MS has been increasingly emphasized.
Central obesity is a keystone in the diagnosis of MS, as defined by the International Diabetes Federation (IDF). were determined to be 90 cm in males and 85 cm in females. 7) According to the KNHANES, the prevalence of MS in the Korean population has been steadily increasing, with a total prevalence of 31.3% in 2007. 8) Scrutiny of the distribution of MS prevalence according to age reveals the notable finding that, while male prevalence of MS increases steadily with age, the prevalence of MS in women shows a sharp increase in the 50s, 8) implying that age is not the only factor determining the prevalence of MS in women but that experience of menopause also shows significant cannot reflect obesity-related disorders precisely.
According to preliminary reports, menopausal women undergo not only changes in BMI and triglyceride levels, 10) but also redistribution of body fat due to dropping estrogen levels resulting in increases in visceral fat 11) as well as waist-hip ratio. 12) Taking such differences between pre-and post-menopausal states into account, there have been papers on the predictive value of WC. A 2012 study by Chu et al. 13) on Taiwanese women calculated the WC cutoff value predictive of MS, according to age and menopausal status.
Even within the same age group (<65 years) a lower cutoff value of 78 cm was calculated for the pre-menopausal group, as opposed to a cutoff value of 82.4 cm for menopausal women of the same age.
The obesity index such as BMI, WC, and waist-to-height ratio (WHtR) have been used to predict MS and associated cardiovascular disease, and taking into account a trend towards decreasing levels of obesity in the female Korean population 9) and the character between pre-and post-menopausal states, [10] [11] [12] further research on optimal cutoff values for obesity index for identifying metabolic risk factors in women of menstrual status is necessary. Therefore, this study aimed to investigate the optimal cutoff values for the central obesity index (BMI, WC, and WHtR) as well as the validity of these measurements in predicting the criteria for MS in Korean women by menstrual status.
METHODS

Research Results and Target Population
The KNHANES is a nationwide annual survey conducted on a representative sample population, and is comprised of two main surveys: health inspection and nutritional inspection. This study was based on an analysis of the results of the KNHANES V-1, 2010 survey, the research methodology of which is recorded in the manual for use of source data in the 2010 KNHANES. 14) From the original pool of 3,735 potential participants, those 1)
non-respondents pertaining to menopausal state, 2) pregnant or breastfeeding, 3) for whom anthropometric measurements or lab test results were not available, 4) denying experiencing menopause at a significantly advanced age (65 years or greater), and 5) who had not fasted for eight hours preceding lab tests were excluded from the final subject population, which consisted of 3,103 women over the age of 20.
Anthropometric Measurements and Lab Tests
All Anthropometric measurements taken as part of the KNHANES test were taken by trained and skilled examiners using a consistent methodology as follows. Height and weight were measured to the nearest 0.1 cm using a portable extensimeter Blood samples were taken from venous blood after a minimum 8-hour fast, and analyzed for fasting glucose, triglycerides, and low density lipoprotein (LDL) using the Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). As per the instructions of the KNHANES source material use guidelines, 14) compensate blood pressure values were used, and HDL values were derived using conversion equations provided by the institution performing the examinations.
Definition
The non-adipose components of the MS were defined using Subjects having smoked more than 100 cigarettes in their lifetime and currently still smoking were defined as current smokers, subjects having smoked more than 100 cigarettes but previously quit as past smokers, and subjects who had smoked less than 100 cigarettes in their lifetime were defined as non-smokers.
Drinking status was defined in relation to frequency of alcohol consumption, distinguishing between those imbibing more or less frequently than once per month. Socioeconomic status (SES) was determined by highest level of education completed: middle school or lower, high school, and university or college.
Statistical Analysis
All analyses except analysis using the receiver operating characteristic (ROC) curve were performed to incorporate sampling weight (wt_ivex) considering the multistage probability sampling design of KNHANES. Subjects were divided into two groups based on menopause status, with differences between items being calculated by t-test and chi-square methods. Continuous P-values of less than 0.05 were considered statistically significant.
RESULTS
Subject Characteristics
In Table 2 . AUC values of all indicators were all greater than 0.7 in pre-menopausal women, and less than 0.7 in post-menopausal women, showing that all indicators of central obesity were significantly (P < 0.001) more predictive of the presence of two or more non-adipose components of MS in pre-menopausal women than in menopausal women (Table 2) , and also that differences in predictiveness were confirmed definitely by the ROC curve in (Table 2) . waist-to-height ratio, HDL: high density lipoprotein. (Table 3) . Both this paper and the KOSSO guidelines report a significant (P < 0.001) increase in prevalence of central obesity corresponding to an increase in the number of nonadipose components of MS, and a larger gap between groups in pre-menopausal women in terms of rate of being diagnosed with central obesity (Figure 2 ).
Prevalence of Metabolic Syndrome and Risk of Metabolic Disorders
According to the KOSSO' cutoff value (WC ≥ 85 cm), prevalence of MS in pre-and post-menopausal women was 7.3% and 28.7%, respectively. The prevalence of MS in pre-and post-menopausal women was, according to our cutoff value (≥ 76.1 cm in premenopausal women and ≥82.5 cm in post-menopausal women), 13 .4% and 36.4%, respectively, a higher prevalence rate than with application of the KOSSO's cut off (Figure 3) . al. 17) showed that the AUC value of WC as a predictor of the presence of two or more non-adipose components of MS was 0.682, similar to the values seen in our menopausal group. Chu et al. 13) showed, in a study targeting Taiwanese women, that the predictiveness of WC for risk of MS was low in the menopausal group. Contrary to the results of our study, research results have also been reported to the effect that WC does not accurately reflect the presence of visceral fat in pre-menopausal women, unlike in menopausal women and men, 18) and therefore has low predictive value for assessing risk of metabolic disease in that group. Loss of estrogen is an independent factor concerning many clinical signs relating to MS, 19) with other risk factors predisposing menopausal women to metabolic disorders including advanced age, decrease in physical activity, 20) and increase in comorbidty. 21) Therefore, the significance of obesity as the sole predictor of metabolic risk is comparatively lower in menopausal women compared to pre-menopausal women.
WC cutoff values predictive of the presence of two or more MS components are 76.1 cm and 82.5 cm in pre-and postmenopausal women, respectively, and in post-menopausal women the cutoff value did not differ significantly from the standard for central obesity set by KOSSO. However, in premenopausal women, the cutoff value was about 9 cm lower. In a study targeting the adult Korean female population between the ages of 20 and 60, Lee 22) proposed a WC cutoff value of 78 showed no difference between age groups. 25) Age, along with menopause, is a significant factor in the onset of metabolic disorder, as revealed in many studies. 
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